Summary: The neuronal organization of the habenular ganglion (HG) was studied in the red stingray using the rapid Golgi method. The HG was made up of the medial (MH) and lateral habenular nucleus (LH), and the former nucleus was further divided into a dorsal, intermediate and ventral subnucleus. Only one type of neurons were observed in the MH, while the LH was composed of two types of neurons. In the left HG cut at the rostrocaudal middle of the ganglion, the LH was located in the dorsolateral region, while the dorsal, intermediate and ventral subnuclei of the MH occupied the dorsomedial, intermediate and ventral portions of the ganglion, respectively. In contrast, the right ganglion seen at this level was composed exclusively of the MH, with the dorsal, intermediate and ventral subnuclei located in the dorsomedial, intermediate and ventral portions, respectively. In the caudal level of the left ganglion, each nucleus was seen almost in the same region as in the level of the rostrocaudal middle, however, three subnuclei of the MH fused with the same subnuclei of the opposite side. In the right ganglion at the caudal level, the LH appeared in the intermediate area The right LH was far smaller and was located more ventrocaudally than the left LH. On account of the LH, the intermediate subnucleus of the MH was divided into a dorsal and ventral part. The dorsal and ventral subnuclei of the MH remained in the same region as in the rostral level. Thus, the HG of the red stingray exhibited a striking left-right asymmetry, the most remarkable aspect of which was considered to be differences of the size, form and location of the LH between the left and right HG.
The habenular ganglion (HG) is a conspicuous structure in the dorsomedial region of the diencephalon and is known to exist in all vertebrates. One of the most remarkable features of the HG is the structural left-right asymmetry observed in certainspecies (Ariens Kappers, Huber and Crosby 1960; Kuhlenbeck 1977) . The selachian HG has been known to exhibit a striking left-right asymmetry and has been the subject of numerous investigations (Edinger 1892 Miralto and Kemali 1980) . Among the details of these findings, however, there exist discrepancies and uncertainties. In the present study, therefore, we analyzed the neuronal organization of the HG of the red stingray, using the rapid Golgi method, the objective being to elucidate the characteristic features of the left-right asymmetry of the selachian HG.
Materials and Methods
Approximately 300 adult red stingrays were examined in the present study. The animals were sacrificed by decapitation under anesthetization with MS-222 and the brains were quickly removed. The dorsal region of the diencephalon was sliced into 5 mm thick slices with a razor blade, in one of the three anatomical planes, and then fixed in an osmium tetroxide-potassium dichromate mixture for 5-7 days, at room temperature.
The fixed materials were wahsed briefly in a freshly prepared 1% silver nitrate solution and were kept in the same solution for 2-3 days, at room temperature. 
Results
In the frontal sections cut through the rostrocaudal half of the HG, the left and right ganglia were located in the dorsal portion of the diencephaion on either side of the third ventricle (Fig. 1) . The ventral border of the HG was a deep sulcus, the subhabenular sulcus, the left side of which was located more ventrally than the right. The left HG was nearly trapezoidal in form with the base oriented dorsally. The mediodorsal angle was prominent and protruded dorsally. In contrast, the right HG was smaller than the left one and was nearly triangular in contour with the base oriented dorsally. The medial surface of the right ganglion was convex and fell into the concave medial surface of the left ganglion.
At the caudal level, both sides of the HG were fused; however, the boundary between the left and right ganglia was indicated by shallow grooves (Fig.  2) . Both sides of the HG were nearly quadrangular in form. Also at this level, the left ganglion was larger than the right, and the boundary between the left and right ganglia deviated slightly to the right. The HG of both sides became smaller in the caudal direction and were at last replaced by the posterior commissure and the subcommissural organ.
The HG of the red stingray was composed of the medial (MH) and lateral habenular nucleus (LH). As seen in the Nissl sections, the MH was made up of a great number of densely packed deeply stained neurons. The MH neurons were round or oval and contained a relatively large round nucleus. In the MH were seen numerous cell sparse areas which were usually ovoid in form and measured 200-400 prn in diameter.
Occasionally, several neighboring areas fused to form large lobulated areas. The LH was composed of loosely scattered medium-sized neurons. The LH neurons stained paler than the MH neurons and were ovoid or triangular in form with a round nucleus.
Neurons in the MH and LH
As seen in the Golgi preparations, only one type of neuron was recognized in the MH. The MH neurons had a piriform, spindlelike or irregular shaped cell body which measured on average 11 x 15 ,um (Fig. 3) . From the somata extended usually one, rarely two or more, dendrites which branched out one to four collaterals. The dendrites were coarse and had a few spines. Occasionally, the dendrites of several neurons were impregnated in an overlapped manner to form a glomerular structure. The axons of the MH neurons arose from the somata and were very fine. At least some axons were followed into The scale line is 100,um.
the fasciculus retroflexus (FR).
In the LH, two types of neurons were distinguished in the Golgi sections. Type I neurons (cells 1-3 in Fig. 4) were the main constituents of the LH. The somata of this type of neuron were spindlelike, triangular or polygonal in fowl, measured on average 15 x 26 ,um, and generated three to four dendrites. The dendrites usually extended a long distance, curved in an arched foim and branched out three to six collaterals which generated fine spines. The axons of type I neurons issuing from the proximal portion of a dendrite (cell 3 in Fig. 4 ) or from the cell body, were thicker than those of the MH neurons, ran ventrally and could in some cases be followed into the FR. Type II neurons were only rarely impregnated. This type of neuron had an irregular cell body (cell 4 in Fig. 4 ). From the somata extended three to four dendrites which soon branched out into numerous fine branchlets. The axons of type II neurons usually arose from the somata, but their courses could not be followed beyond a certain point.
Neuronal organization of the HG at the level of the rostrocaudal middle of the ganglion Left ganglion. At this level, the MH was located in the medial and ventral regions, whereas the LH ..52 ,..,4_, .
, .e) E -6 0 c 0 and at least some axons could be followed into the FR. The axons of several neurons in the dorsal subnucleus, however, ran ventrally in regions medial to the FR and entered the confine of the ventral subnucleus (axons of cells 35, 36, 41, 42 in Fig. 5) . Moreover, the axons of neurons in the ventral subnucleus accumulated in the ventral region of the ganglion. Their courses could not be followed further. The .LH neurons (cells 1-11 in Fig. 5 ) were scattered far more loosely than the MH neurons. The neurons located in the central portion of the nucleus were usually polygonal (cells 4-5 in Fig. 5 ), whereas those seen in the periphery tended to be spindlelike or triangular (cells 1, 3, 10, 11 in Fig. 5 ). The dendrites of the LH neurons extended in various directions and terminated totally within the nucleus. The axons of the LH neurons ran ventrally and could be traced into the FR.
Right ganglion. The right ganglion at this level, was composed exclusively of the MH (Figs. 1, 5) . As in the case in the left ganglion, the MH in the right was roughly divided into a dorsal (cells 63-74 in Left ganglion. Followed caudally, the HG of both sides approached each other and finally fused to form a single mass (Figs. 2, 6 ). At this level, the dorsal subnucleus of the MH (cells 10-16 in Fig. 6 ) occupied a small triangular area, whereas the intermediate subnucleus (cells 17-28 in Fig. 6 ) was seen in an area between the LH and the FR. Each subnucleus was fused with the same subnucleus of the right side. The ventral subnucleus (cells 29-42 in Fig. 6 ) was located ventrally to the FR and was fused with the ventral subnucleus of the right ganglion only in its dorsal portion. The dendrites of the MH neurons extended dorsally or transversely and were distributed mainly ipsilaterally. The axons of the MH neurons ran ventrally and at least some could be traced into the ipsilateral FR (Fig. 6) .
The LH (cells 1-9 in Fig. 6 ) remained in almost the same region as noted at the rostra' level. The LH neurons extended long dendrites distributed exclusively in the nuclear territory of the LH. The axons of the LH neurons ran ventrally and at least some could be followed into the ipsilateral FR.
Right ganglion. One of the conspicuous changes observed at this level was the appearance of the LH in the intermediate region (Figs. 2, 6 ). On account of the appearance of the LH, the intermediate subnucleus of the MH was divided into a dorsal (cells 52-55 in Fig. 6 ) and ventral part (cells 59-63 in Fig. 6 ) which were seen in the regions dorsal and ventral to the LH, respectively. The dorsal subnucleus of the MH (cells 43-51 in Fig. 6 ) was seen in the dorsal region of the ganglion and was fused with the same subnucleus of the left ganglion, while the ventral subnucleus (cells 64-72 in Fig. 6 ) was located ventrally to the FR and was partially fused with the ventral subnucleus of the left MH. The dendrites of the MH neurons extended dorsally or transversely. These dendrites were distributed only in the territory of the MH. The axons of the MH neurons extended ventrally. Only a few axons could be followed into the FR. Many other axons proceeded toward the ventral subnucleus, but could not be traced beyond that point.
The LH in the right ganglion (cells 56-58 in Fig. 6 ) was observed only at the caudal level. The right LH was far smaller and was located more ventrally than the left one. The neurons in the right LH were few and were spindlelike or triangular, their long axes oriented transversely. The dendrites extended mainly in a transverse direction to be distributed within the nuclear territory of the LH. The axons of the LH neurons traveled ventrally toward the ipsilateral FR.
In the HG of both sides, the FR were seen in the ventral one-third extending obliquely. The FR of the left side was usually thicker than that of the right side. The left FR was composed of fibers of varying thicknesses, whereas the majority of the right FR fibers were fine. The FR, as a fiber bundle, could be followed caudoventrally toward the ventral region of the mesencephalon. Many of the FR fibers, especially fine fibers, were seen to enter the interpeduncular nucleus.
Discussion
The MH neurons seen in various species resemble each other closely. Morphological features of the MH ...., -a neurons observed in the present study were similar to those of the MH neurons noted in the lamprey (Heier 1948) , frog (Kemali and Braitenberg 1969; Kemali and Lazar 1985) and mouse (RamOn y Cajal), and the type I MH neurons in the cat (Iwahori 1977) . As was reported in the mouse and cat, the dendritic field of the MH neurons in the red stingray was occasionally impregnated in an overlapped manner, suggesting the existence of the glomerular structure in the MH. On the other hand, the LH neurons show fairly clear species differences: the LH neurons observed in the lamprey (Heier 1948) were unipolar or bipolar cells, whereas those in the selachian (Houser 1901) , frog (Kemali and Lazar 1985) , mouse (Ram& y Cajal 1911) and cat (Iwahori 1977) were usually multipolar neurons. In the LH of the red stingray, two types of neurons were distinguished. The type I LH neurons in the present study resembled the multipolar neurons seen in the LH of the mustel, mouse and cat. On the other hand, general features of the type II LH neurons in the red stingray were similar to those of the interneurons seen in the cat LH (Iwahori 1977) . However, the exact character of the type II LH neurons requires further study.
One of characteristic features in the phylogeny of the HG is the structural left-right asymmetry observed mainly in lower vertebrates (Ariens Kappers, Huber and Crosby 1960; Kuhlenbeck 1977 ). Edinger (1892) pointed out for the first time a difference in size between the left and right HG of the selachian. Since then, many investigators have reported the leftright asymmetry in the selachian HG. It is now generally agreed that the selachian HG exhibits structural left-right asymmetry, however there are discrepanceis among reported data. With regard to the size of the HG, some investigators (Haller 1898; Ariens Kappers 1906; Sterzi 1909; Addens 1945) reported that the right HG was larger than the left, whereas other (Houser 1901; Gerlach 1947; Tanaka 1959 ; Kemali, Miralto and Sada 1980; Smeets, Nieuwenhuys and Roberts 1983) indicated that the left side was larger than the right. In agreement with the latter group of investigators, the size of the left HG was larger than that of the right one in all specimens examined in the present study. Thus, the reported data on the size difference between the left and right HG are highly controversial. There are contradictions in the literature even on the same selachian species. Similar circumstances were observed in the left-right asymmetry of the amphibian HG. Kreht (1939) reported the left-right asymmetry of the HG in various amphibia, but not in the frog, Rana esculenta. On the contrary, Braitenberg and Kemali (1970) pointed out a striking asymmetry of the HG in the same frog species, Rana esculenta. The causes of the asymmetry of the HG were ascribed in part to the asymmetrical development of the parietal organ (Kuhlenbeck 1977) . On the other hand, von Woellwarth (1950) observed the reversals of the usual asymmetry in the HG of the newt in cases of situs inversus of the internal organs. He suggested the existence of intimate correlation between the status of the HG and that of the internal organs, and supposed that the HG exerted influence upon the internal organs through the vagus nerve. However, relations between the HG and vagus nerve were not demonstrated. At present, no satisfactory explanations of the left-right asymmetry of the HG seem to be of universal application.
There were also various contradictions in the literature on the internal structure of the selachian HG, and virtually no correspondence among nuclei reported by different investigators. Addens (1945) studied the HG in several selachian species. He distinguished the MH and LH in the HG and further divided the latter nucleus into the dorsal and ventral part. The nuclear configuration showed conspicuous asymmetry and the right LH was reported to be larger than the left one. Gerlach (1947) examined the brains of several selachian species and reported that the HG was bilaterally composed of the rostrolateral and caudomedial nucleus. However, the right caudomedial nucelus was larger than the left one. Tanaka (1959) recognized the MH and LH in the HG of eight selachian species, and reported that the former nucleus was further divided into the dorsal and ventral part. Although there were species differences, the left LH was generally larger than the right one. The nuclear configurations of the HG reported by Tanaka were nearly the opposite of those indicated by Addens. The left LH described by the foi Hier seemed to correspond roughly to the pars dorsalis of the right LH reported by the latter. In the Svllium stellare, the HG exhibited more complicated features (Kemali, Miralto and Sada 1980) . In the left HG, the MH and LH were distinguished, whereas in the right the intermediate nucleus was seen beside the MH and LH. At the level of the HC was the midline nucleus and at the most caudal level, both sides of ganglion were reported to be composed of the caudal nucleus. The internal organization of the HG in the red stingray examined in the present study resembled that reported by Tanaka. From the above studies, it is apparent that the internal structure of the selachian HG is different considerably from that of the mammalian HG. This fact may suggest the existence of some functional differences between the selachian and mammalian HG.
Various features of asymmetry were observed in the HG of the red stingray. Among these features of asymmetry, differences of the LH between the left and right side seemed to be of primary importance.
The right LH was far smaller, and was located more caudally and ventrally than the left one. The fact that the size of the right ganglion, especially in the rostra! region, is smaller than that of the left side seems to be explainable at least in part by the absence of the LH in the rostra! level of the right ganglion. In contrast to the LH, the MH of both sides were nearly symmetrical.
Several asymmetrical features of the MH such as the division of the intetinediate subnucleus into the dorsal and ventral part in the caudal level of the right ganglion, can be attributable to the appearance of the right LH ventrally in the intermediate region. Thus, from cytoarchitectural view point, the most critical features of the left-right asymmetry in the HG of the red stingray are considered to be the difference in the size, form and location of the LH between the left and right side.
